RESULTS

Quality Outcomes Database
QOD is a prospective, risk-adjusted, observational registry of NeuroPoint Alliance focused on quality and outcome reporting. [13] [14] [15] [16] [17] [18] QOD was formerly known as the N 2 QOD. The American Association of Neurological Surgeons established the non-for-profit NeuroPoint Alliance in 2008 with the goal of collecting, analyzing, and sharing neurosurgical clinical information for quality improvement. The first database, the Lumbar Spine Registry, was launched in 2012 in order to improve quality of life and decrease disability and readmission rates associated with surgery for degenerative lumbar spinal disorders. 17, 18 The current QOD registries available are the Spine Surgery QOD, containing the Lumbar Spine, Spinal Deformity, and Cervical Spine Registries, and the Neurovascular QOD. 19 The tumor QOD registry is in development, with expected launch in 2017. The Lumbar Spine registry has 80 participating centers with over 23 000 patients enrolled, and the Cervical Spine registry has 51 participating centers with over 8500 patients enrolled. 19 The CMS has approved the QOD to identify as a Qualified Clinical Data Registry, with 21 non-Physician Quality Reporting System measures focused on neurosurgery. 6 Asher et al 17 reported in 2014 that the length of follow-up in the Lumbar Spine database is 1 yr, with 30-d morbidity and 3-and 12-mo patient-reported outcomes. The database enrolls 6 patients per week at participating institutions and uses multiple measures to ensure internal validity, including multiple types of audits, ranging from surgeon-led self-audits to random on-site audits. 17 The baseline data completeness in 2014 for the total number of enrolled patients was 98.1%. 17 Limitations of the database include relatively more missing data for the 3-and 12-mo quality measures. 17 Institutions can participate in QOD by submitting a request to NeuroPoint Alliance.
Surveillance, Epidemiology, and End Results
SEER, originally established by the National Cancer Institute (NCI) in 1973, publishes cancer statistics from populationbased cancer registries. [20] [21] [22] Statistics available for brain and other nervous system cancers include trends in SEER incidence and US mortality by sex, annual incidence and death rates, incidence and mortality rates by age, 5-yr relative and period survival, relative survival by year of diagnosis, and US prevalence estimates. 23 The database contains 9 675 661 cases from 1973 to 2014. 22, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The database includes information on patient demographics, primary tumor site, stage of cancer at diagnosis, and first course of treatment information. Researchers must request access to the SEER database by submitting an SEER Research Data-Use Agreement form to NCI. Limitations of the SEER database include lack of comprehensive clinical variables, lack of imaging characteristics, incomplete treatment characteristics, lack of postoperative therapies, and missing data for patient comorbidities. 22 SEER data "do not capture information about surgery and radiation past 4 mo of diagnosis, nor is there information about recurrence or metastasis that is detected subsequent to initial diagnosis." 35 
SEER-Medicare Database
The SEER-Medicare database is a linkage between the NCI SEER database and CMS claims data. [36] [37] [38] [39] The purpose is to gather information about patients on Medicare with cancer. The 38, 39 The database also contains patient information from individuals on Medicare without cancer to be used for comparison. Limitations of the SEER-Medicare database include limitations of SEER data, lack of imaging lack of care paid for by entities other than Medicare, and inability to determine diseasefree survival. 41 
Central Brain Tumor Registry of the United States
CBTRUS is a nonprofit research organization founded in 1992. 42 CBTRUS is a histology-specific, population-based registry of brain tumor data in the United States. 42 CBTRUS receives cancer data from SEER and the Centers for Disease Control and Prevention National Program of Central Registries. The database contains information on primary malignant and nonmalignant tumors of the brain and central nervous system. As of 2016, approximately 100% of the US population is represented in the database through the 50 state cancer registries and District of Columbia registry, which contribute data. [42] [43] [44] CBTRUS releases information on incidence (overall, pediatric, pediatric and adolescent, and adolescent and young adult), mortality, lifetime risk, survival, and prevalence. 44 The • Largest compilation of trauma data in the US and Canada 50 • 747 facilities with >860 thousand admission records in 2015 50 
NCDB
• Not neurosurgery-specific database • Changes in classification instructions given to tumor registries and staging rules impacts comparability of data from different years 62
• Over 34 million records and approximately 70% newly diagnosed cancer cases in the US 58 • Includes cancer stage, interventions, histological information with public access to more than 9 million cases of the 14 most commonly diagnosed solid tumors 58 
NIS
• Not neurosurgery-specific database • Lack of participation from several US states, lack of post-discharge information 68 • Largest publicly available database of inpatient stays in the US • Total cost and length of hospitalization • 2014 NIS sampling represented area of 44 states and 96% of the US population 63 
KID
• Not neurosurgery-specific database • Lack of discharge information from rehabilitation hospitals and inability to perform longitudinal analysis across years 69 • In 2012, weighted sample of 80% of pediatric discharge and 10% of normal newborn discharges from more than 4100 community hospitals in the US 74 
NRD
• Not neurosurgery-specific database • Inability to use information for analysis of regional, state, or hospital specific readmission rates 75 (Table 2) .
ACS Databases
NSQIP Database
The ACS initiated NSQIP in 2004 in order to decrease 30-d morbidity, mortality, readmissions, and reoperations. 45, 46 Reported variables (over 150) in the participant use file include patient demographics, preoperative comorbidities, operative details, and postoperative 30-d complications. 47, 48 At each participating institution, a trained records reviewer collects surgical cases on an 8-d cycle, and the associated medical records are reviewed for preoperative, perioperative, and postoperative details up to 30 d following surgery. ACS initiated the NSQIP Pediatric database in 2008 in order to specifically track 30-d outcomes in pediatric surgery. Previous inter-rater reliability audits of the adult NSQIP database have found an overall interobserver disagreement rate around 2%. 8 The 2015 Participant Use Data File contains 885 502 cases from 603 NSQIP-participating sites. 48 Inclusion criteria are based on Current Procedural Terminology (CPT) code. There are multiple exclusion criteria, such as American Society of Anesthesiologists score of 6 and trauma cases. Hospitals are excluded if their 30-d follow-up rate is less than 80% or if the inter-rater reliability audit disagreement rate is over 5%. 8 Limitations of the NSQIP data include lack of neurosurgery-specific variables, lack of reporting of complications or death after 30 d postoperatively, and wide variability in the amount of missing data for perioperative variables. 49 
National Trauma Data Bank
NTDB is the largest compilation of trauma registry data in the United States and Canada, and contains over 7 million records of trauma data. In 2015, 861 888 admission records were entered from 747 facilities. 50, 51 The database contains patient demographics, insurance status and type, injury severity score, mechanism of injury, hospital demographics including trauma level, bed size, and geographic location, and outcome information including length of stay, discharge disposition, and complications.
9,52-56 Eligibility for case entry into NTDB is determined by specific International Classification of Disease (ICD)-9 and ICD-10 codes. NTDB data can be purchased online for research purposes with the approval of the ACS. Limitations of NTDB include lack of an inclusive list of risk factors and comorbidity data. 57 
National Cancer Database
The NCDB, established in 1989, is maintained by the American Cancer Society and the ACS. 58 The database contains over 34 million records and approximately 70% of newly diagnosed cancer cases across the United States from over 1500 Commission on Cancer-accredited facilities. 58 The database contains information for all types of cancer and includes patient demographics, cancer stage, and interventions, including first course therapy and type of surgical resection, histological information, and outcomes. [59] [60] [61] The database also includes public access to more than 9 million cases of the 14 most commonly diagnosed solid tumors in the United States from 2003 to 2014, including brain cancer. 58 Limitations include changes in the classification instructions given to tumor registries and changes in staging rules that impact comparability of data over the years.
62
Agency for Healthcare Research and Quality and Healthcare Cost and Utilization Project (AHRQ-HCUP) Databases
All databases are available for purchase through the Healthcare Cost and Utilization Project Central Distributor.
National Inpatient Sample
The NIS is the largest publicly available database of inpatient stays in the United States, containing information from all payer types. The NIS represents a 20% stratified sample of discharges from US community hospitals, excluding long-term acute care and rehabilitation hospitals from 2012 onward. The 2014 NIS sampling represented an area of 44 states and more than 96% of the US population. 63 The database contains patient demographics, total cost and length of hospitalization, status at discharge, diagnosis and procedural codes, hospital characteristics, and severity and comorbidity information. [64] [65] [66] [67] Limitations of the database include lack of participation from several US states and lack of post-discharge information. 63, 68 Kids' Inpatient Database KID is the largest pediatric inpatient database for patients younger than 21 yr in the United States. It includes all payer types and contains approximately 3 million pediatric discharges per year. The database contains information in 3-yr intervals from 1997 to 2012 and 2016. 69 Collected variables include patient demographics, hospital characteristics, procedural and diagnostic codes, total charges and length of stay, type of payment, and severity and comorbidity measures. [70] [71] [72] [73] In 2012, the database contained a weighted sample of 80% of pediatric discharges and 10% of normal newborn discharges from more than 4100 community hospitals in the United States. 74 The large sample size allows for analysis of rare neurosurgical conditions and treatments. Limitations of the database include lack of discharge information from rehabilitation hospitals and inability to perform longitudinal analysis across years. 69 
Nationwide Readmissions Database
NRD focuses on the analysis of hospital readmissions, with data from approximately 15 million discharges each year drawn from the SID. In 2014, the data came from 22 states that covered 49.3% of all US hospitalizations. 75 The database contains patient demographics, payment source, total hospitalization cost, ICD procedure and diagnostic codes, and specific variables that pertain to readmission, including verified confirmation of multiple discharges for individuals, length of inpatient stay, and timing between admissions for a specific patient. 75, 76 In order to track patients using different hospitals within a state, individual patients are given a linkage number in the SID. A main limitation of the database is the inability to use the information for the analysis of regional-, state-, or hospital-specific readmission rates and no clear indication if the readmission was related to prior admissions. 75 
State Inpatient Database
SID is an administrative claims database that contains records starting in 1990 for state inpatient hospital discharges from an area that covers approximately 90% of all US hospital discharges and 97% of all US community hospital discharges. 12, 77 The database contains patient demographics, diagnosis and procedure codes, payment sources, total costs of hospitalization, admission and discharge status, and length of hospital stay. 12 Strengths of the data include ability to analyze hospitalization patterns within a geographical area containing multiple states, 1 state, or within a state. 78 Limitations include variability in available data depending on state and year, and loss of revisit analysis if the patient changed states.
79,80
State Ambulatory Surgery and Services Database SASD contains records for state ambulatory surgical cases from ambulatory surgery centers and hospital-based outpatient departments across 35 states. [79] [80] [81] [82] [83] The database contains patient demographics, total cost of procedure, payment source, diagnosis and procedure codes, and identifiers that permit linkage to the SID. 82 Limitations include variability in available data depending on state and year, and loss of revisit analysis if the patient changed states.
CMS Claims Data
CMS databases through the State Data Resource Center contain patient information derived from claims data. The information available for request includes part A (inpatient, outpatient, skilled nursing facility, home health, and hospice) and part B (carrier and durable medical equipment), patient demographics, service dates, ICD diagnosis and procedural codes, and type of health coverage (Medicare, Medicaid). 84, 85 Claims data are available in varying privacy levels with Research Identifiable Files, which contain beneficiary-level protected health information; Limited Data Sets, which contain beneficiary-level health information with selected variables "blanked, encrypted, or ranged"; and Public Use Files, which contain "aggregated summary level health information." 86 Data contained vary by file type; the inpatient Limited Data Sets contain procedural ICD codes, Medicare Severity Diagnosis Related Group, reimbursement amount, hospital provider number, dates of services, and patient demographic information. 86 The data are available for purchase through the CMS website. Limitations of the database include variable granularity depending on the type of files requested and variable coding of disease-specific variables pertinent to the field of investigation.
87-89
Private Databases Vizient Clinical Data Base and Resource Manager
Vizient, formerly the University HealthSystem Consortium, contains data representing over 97% of US academic medical centers and 160 community hospitals. [90] [91] [92] The database contains demographic, financial, and clinical information including the length of stay, complication rates, readmission rates, morbidity and mortality rates, and medication use. 90, 91 The database provides the ICD codes for each hospital discharge that can be used for research inclusion or exclusion criteria. Limitations of the data include lack of specific individual patient characteristics and inability to determine the timing of complications in reference to the date of surgery.
90,91
MarketScan Research Databases
Truven Health Analytics MarketScan Research Databases include patient information from commercial insurance, hospital drug, primary care electronic medical records, and multistate Medicaid and Medicare Supplemental databases. [93] [94] [95] [96] The databases include demographic information (age, gender, state, and employment status), insurance features (plan type and coverage limitations), financial information (total admission payments and net payments), inpatient and outpatient medical information (length of stay, primary/secondary diagnosis, service ICD, and CPT codes), and drug information (therapeutic class, generic product identification, and days supplied). 93, 94, 97, 98 Data also include information on claims related to hospital drugs, mortality, primary care electronic medical records, benefit plan design, lab values, health and productivity management, health risk appraisals, and dental health. 94, 99, 100 The databases have records for more than 200 million unique patients since 1995. 95, 96 Data are de-identified from individual patients; however, each patient is assigned a unique identification number that can be used to identify patients across modalities within each database. Petraglia et al's 97 reported limitations of the MarketScan database include lack of comprehensive clinical factors relevant to neurosurgery.
Premier Healthcare Database
Premier Healthcare Database (Premier, Inc., Charlotte, North Carolina), established in 2000, is a US-based administrative database that contains billed items from hospital discharge as well as hospital-based outpatient encounters. 101 The database contains over 147 million unique patients with 550 million outpatient visits and 80 million inpatient admissions from greater than 700 hospitals, representing approximately 20% of annual US inpatient discharges. [101] [102] [103] The database includes information on patient demographics, procedure and diagnosis codes (CPT, ICD), hospital costs and charges, physician characteristics, outcomes (length of stay and readmissions), laboratory results, drug utilization, and hospital characteristics such as teaching status, geographic location, and number of beds. 103 Each patient is given a unique identifier to track admissions across the inpatient and outpatient setting. Limitations of the Premier Healthcare Database include lack of comprehensive clinical findings for certain neurosurgical study questions. 102 
PearlDiver
PearlDiver Technologies, Inc. (Warsaw, Indiana) established the PearlDiver Patient Record Database as a commercially available national database of public and private insurance records. PearlDiver contains patient records from the PearlDiver Private Payer Database of the UnitedHealth Group, Medicare Carrier Files, and Medicare Standard Analytical Files. 104 PearlDiver has partnered with Comprehensive Health Insights to integrate Humana's claims database, which represents 22 million patients from 2007 to Q2 2016 in the PearlDiver database. [105] [106] [107] [108] Wang et al 107 reported that "from 2007 to 2011, the database (PearlDiver) captured 24.6-26.3 million patients, representing approximately 9% of the US population younger than 65 yr and approximately 13% of the US population with private insurance." PearlDiver includes diagnosis and procedure codes (ICD, CPT, and Diagnosis Related Group), patient demographics, discharge status, length of stay, postoperative complications, physician specialty, medication information, and hospital geographic information. 108 Wang et al 107 reported that PearlDiver has unequal geographic representation within the United States, as UnitedHealth group has increased coverage in the south relative to other regions of the country.
OptumLabs Data Warehouse
OptumLabs Data Warehouse, founded as a partnership between Optum and Mayo Clinic in 2013, contains de-identified medical and pharmacy claims for over 150 million patients. 109, 110 Data can be queried using ICD-9-CM diagnosis codes, CPT procedure codes, and Healthcare Common Procedure Coding System procedure codes, site of service codes, and provider specialty codes. 111 The database contains sociodemographic and clinical information (patient vital signs, diagnoses and treatments from electronic health records, physician text notes, pathology reports, operative reports, and imaging notes), diagnosis and treatment information from all claims both inpatient and outpatient, and pharmacy prescriptions filled. 109 Limitations of that database include the use of nonspecific diagnosis codes. 
Pediatric Health Information System
The Children's Hospital Association (CHA) maintains the PHIS with data from more than 45 children's hospitals. [112] [113] [114] [115] PHIS contains clinical data, including procedures and diagnosis (ICD) codes and utilization data for inpatient, emergency department, ambulatory surgery, and observation unit patient encounters. [113] [114] [115] Simon et al 113, 114 reported that the limitations of PHIS data include missing data on factors of clinical interest and limitations of patient identification based on ICD-9 codes.
DISCUSSION Unmet Investigative and Clinical Need
Limitations of surgical outcomes research often cited in the literature include selection bias, relatively small sample sizes, and the lack of effectiveness of randomized controlled trials for surgical interventions, which together result in a relatively lower quality of evidence to support the outcomes-related conclusion at hand. [116] [117] [118] [119] [120] [121] [122] Historically, much of the neurosurgical outcomes literature has been driven by single-center cohort studies of specific procedures, which typically have a relatively small sample size, lack adequate controls, and are retrospective in nature.
Therefore, the purpose of large national databases includes meeting both an unmet investigative and clinical need. In terms of investigation, national databases provide externally validated, nationally or internationally representative outcomes. Clinically, the data and resulting studies can improve neurosurgical practice by providing predictive risk scores and clinical risk calculators. Eventually, with the aid of novel technologies such as machine learning and predictive analytics, these databases may be able to improve clinical encounters by providing analytics in the office. Nevertheless, the databases listed in this study are imperfect, and there remain many obstacles to successfully integrating big data in clinical research and clinical care. A careful discussion of strengths and limitations and the possible effects of successfully integrating these data can shed light on the progress that must be made in the coming years.
Strengths and Limitations
Large data sets offer the advantage of a large population size and multi-institutional sampling that often cover a diverse patient population with respect to race, gender, socioeconomic status, and insurance coverage. These data are often collected from both academic and community medical centers, which may result in more representative data sets. The databases contain critical patient information, including demographics, preoperative variables, medical and surgical procedures, inpatient and postoperative complications, and mean cost and length of hospitalization. Together, the large number of patients included and the useful variables collected can be used to provide convincing analyses of postoperative outcomes.
Problems with the use of these large databases for epidemiological or clinical research include the veracity of data coded in administrative databases, degree of completeness, and standardization of the information. 39, [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] Other limitations include lack of variables needed to comprehensively identify predictive factors suggested by the literature.
If a neurosurgeon has a particular clinical question, they are interested in addressing using a large national database such as those described here, there are several barriers to a successful investigation. First, the researcher must identify the data set most useful for answering the clinical question at hand, by considering the data and number of patient records needed to adequately power the study, and the costs and other limitations associated with each database. Once the proper database is identified, the researcher must then access it, either by applying for access or purchasing access, depending on the database selected. Financial barriers likely limit research in this arena, but administrative barriers may be just as important-applying for data is often a prolonged process, and it can take months from the time a project is conceived until the data arrive for analysis. Finally, the data must then be accurate, complete, useful, and analyzed in a meaningful way, leading to an answer to the original clinical question. These obstacles, though obvious, are nevertheless the most pressing logistical issues in the use of the valuable data described in this study. These databases, and those that will be established in the future, must make every effort to limit barriers to access.
Clinical Decision-Making
For neurosurgeons, the ultimate purpose of establishing and studying databases is to provide meaningful insights that aid clinical decision-making. Establishing uniform data veracity, data completeness, and validated clinical and patient-reported measures is a prerequisite to this goal. Disease-specific variables that are not formally recorded or collected cannot be optimized. As demonstrated by the lack of these core concepts in many of the databases studied here, much work remains to be done in the construction and redesign of new and existing databases. At present, the strengths of large patient populations, integration of multiple data streams from different databases, and multiinstitutional sampling have allowed for the creation of predictive risk scores and clinical risk calculators. However, if these limitations of present databases are successfully addressed, the role of databases can continue to expand significantly in clinical decisionmaking. Personalized medicine, as it relates to databases in neurosurgery, will be achieved when structured and unstructured data from the clinical encounter are seamlessly translated from health records to both individual site-based and national registries. The power of predictive analytics, integration of continuous patient physiological sensors, and continuous subjective selfreport surveys from mobile devices will then become the next frontier for patient databases and personalized medicine in neurosurgery.
Health care reform has provided the financial incentives for health care systems, providers, and payers to work together in reducing unnecessary costs and improving the quality of care. The analysis of the databases mentioned in this review has demonstrated a growth in research focused on surgical outcomes, has helped identify risk factors for adverse events, and has drawn attention to areas where quality improvement is required. The ultimate goal of outcomes research is to identify ways to supplement and improve clinical decision-making, with the purpose of improving patient care at the level of the individual and at the level of the institution, region, state, and nation. The future of national health care dialogue will be informed by the mobilization and analysis of big data, including the improvement of existing databases and the continued creation of new registries.
CONCLUSION
Limitations of large national databases for neurosurgery include lack of granularity, variable data accuracy in administrative databases, and variable data completeness. Strengths of multi-institutional registries include greater external validity, large numbers of rare pathologies, and comparative health analytics. The improvement of existing data streams and the creation of new registries will inform the future of neurosurgical practice.
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